Introduction {#Sec1}
============

Hydrocephalus is most commonly treated with shunt insertion (SI) and/or endoscopic third ventriculostomy (ETV). In spite of the many attempts at comparing the surgery methods in question, there has been no definite answer as to which method of treating hydrocephalus in a population of young children is superior and which determinants to use to evaluate effectiveness in young patients \[[@CR8]\]. Many studies tend to neglect the crucial aspect, which is child development \[[@CR2], [@CR5], [@CR14], [@CR15]\]. To consider treatment effectiveness, not only symptoms of active hydrocephalus should be resolved but also the best possible conditions for further development and the best possible quality of life for the child be ensured \[[@CR1], [@CR13], [@CR15], [@CR21]\]. The influential mechanisms of hydrocephalus on a developing brain have not yet been researched, which makes prognosis of the psychomotor development more difficult. Endoscopic third ventriculostomy, as the method which restores a more "physiologic" cerebrospinal fluid (CSF) flow, does not always result in the expected improvement of psychomotor development \[[@CR3], [@CR11], [@CR17]\]. Shunts, in turn, in spite of ensuring effective CSF drainage, bring about a number of possible complications deteriorating the psychomotor status, as for example seizures and neuroinfection \[[@CR4], [@CR8], [@CR18], [@CR19]\]. One of the most crucial criteria for the outcome evaluation seems to be efficient CSF drainage assessed on the basis of a clinical examination and, secondly, of a radiological examination. The pre- and postoperative measurement of the ventricular size could take part in the prediction of developmental outcome of hydrocephalic child. The most accurate measurement based on ultrasonography (USG), computed tomography (CT), and/or magnetic resonance imaging (MRI) examinations at present are the volumetric measurements. O'Hayon et al. stress the role of the frontal and occipital horn ratio (FOR), originated by them in 1998, as a simple, effective, and credible linear method of measuring the width of the ventricles, possible to conduct with the aid of all imaging examinations---USG, CT, and MRI. FOR has been proved to have the supreme linear correlation to the measurement of the ventricular volume (*R* = 0.852) among nonvolumetric measurements. The authors believe therefore, that it is one of the indicators that should be used in practice \[[@CR7], [@CR12], [@CR23]\].

Aim {#Sec2}
---

The aim of the study was to compare the radiological indicators (FOR) of effectiveness for hydrocephalus treatment in children operated on under the third year of age with the use of shunt insertion and endoscopic third ventriculostomy. Effectiveness was considered in terms of postoperative psychomotor development in correlation to pre- and postoperative radiological findings.

Patients {#Sec3}
--------

### General description {#d30e282}

The examined group consisted of 46 children operated on for hydrocephalus at the Division of Pediatric Neurosurgery at the Upper-Silesian Children's Health Centre in Katowice. The group included 23 girls and 23 boys. The follow-up for the children examined was between 7 and 112 months (mean, 36.7 months; median, 28 months). Hydrocephalus symptoms were manifested between birth up to 32 months, with a median of 1 month. The age of the examined children at the time of study inclusion ranged from 1 up to 33 months (mean, 5.6 months; median, 2.0 months). Hence, all the patients were under 3 years of age at the time of surgery. In 28 children, hydrocephalus was congenital (61 %)---presented at birth and caused either by events or influences that occurred during fetal development (no evidence of inflammation or hemorrhage were observed) or genetic abnormalities; communicating or noncommunicating, including aqueductal stenosis. In eight cases (17 %), post-inflammatory hydrocephalus was recognized; whereas in 10 patients (39 %), hydrocephalus was caused by an intracranial hemorrhage.

### Children treated with shunt insertion {#d30e287}

The group consisted of 21 children, making up 45.6 % of the analyzed group, including 10 girls and 11 boys. The children's age at the time of the first surgery was between 1 and 14 months (median, 2.0 mean, 2.8 months). The etiology analysis of hydrocephalus revealed that six children (28.6 %) displayed congenital hydrocephalus, another six post-inflammatory (28.6 %), whereas nine cases resulted from an intracranial hemorrhage.

### Children treated with endoscopic third ventriculostomy {#d30e292}

The group consisted of 25 children, making up for 54.3 % of the analyzed group, including 13 girls and 12 boys. The children's age at the time of the first surgery ranged from 1 to 33 months (median, 4.0 months; mean, 7.9 months). The analysis of the etiology of the hydrocephalus revealed that it was congenital in 22 patients, was post-inflammatory (8.0 %) in two, whereas one case (4 %) resulted from an intracranial hemorrhage.

Methods {#Sec4}
=======

The radiographic assessment was carried out on the basis of MRI and CT examinations with the use of a linear estimate known as FOR. FOR is the sum of the widths of frontal and occipital horns of the ventricular system divided by a double width of the parietal lobes in a cross-section view. The normal frontal and occipital ratio equals 0.37 (99 % CI, 0.36--0.38) and is independent of age \[[@CR16]\]. We used the term "normal ventricles" with regard to normal-sized ventricles (FOR \<0.37) and without any other severe abnormalities, as for example tumor, Dandy--Walker syndrome, myelomeningocele, etc. First, we attempted to determine the frequency of size normalization of the ventricular system in correlation to the method of treatment and to the age when the first hydrocephalus symptoms were manifested. We also investigated the influence of age at the time of the first surgery and of the etiology of hydrocephalus on the likeliness of restoring normal ventricular width. Then, we investigated whether ventricular size normalization determined normal development. The values of the attained FOR were analyzed in correlation to the method of treatment. Mean FOR values were calculated along with mean changes in FOR values for the entire group and in correlation to the treatment method. Subsequently, we tried to determine whether the initial FOR value influenced normal development. Therefore, the patients were divided into two subgroups depending on the initial FOR value in the first examination, with a cutoff value set at 0.6 (for the whole group, the mean initial FOR value was 0.59; median, 0.60). Next, the change in FOR value (ΔFOR) was analyzed. ΔFOR was calculated using the following formula: ΔFOR = FORinitial − FORfinal. Where FORfinal refers to the estimate calculated on the basis of the last available neuroimaging examination in the child's wellbeing, whereas FORinitial is the initial value of the estimate in the examination before treatment was started. In the next stage, hoping to determine the effect changes FOR have on normal development and on the effectiveness of treatment, we divided the children into two subgroups depending on the change in FOR with cutoff values set at ΔFOR = 0.1 and 0.025.

We assessed the success/failure ratio for both methods---ETV and shunting. The efficient CSF drainage, which means without any symptoms of intracranial hypertension assessed on the basis of a clinical examination and radiological examination, was considered as the success of the treatment.

The evaluation of psychomotor development of the children treated for hydrocephalus was carried out with the Denver Developmental Screening Test. The examination reveals delays in reaching certain milestones and abilities, as well as developmental disharmony and therefore, evaluated whether development was normal, or not, without determining the characteristics of the disorders. The evaluation of the psychomotor development of the patients was conducted after a minimum of 6 months from surgery. Subject to evaluation were the presence of harmonious development and the following developmental modalities: motor skill, posture control, language, visual--motor coordination, and personal--social sphere. The child's development was assessed as "normal" provided it was harmonious and within the norm for each of the developmental modalities.

Statistical analysis was performed using standard statistical software (Statistica v8.0 StatSoft). The significance level was set at *p* \< 0.5. All variables were tested for normality using the Kolmogorov--Smirnov and the Shapiro--Wilk tests. When the test statistic followed a normal distribution and the tested populations had the same variance (testable using Snedecor's test), Student's *t* test was used. In a situation when distributions of variables did not show a normal distribution, or the samples taken were so small that it was impossible to tell if they were part of a normal distribution or not, the Mann--Whitney *U* test was used. The chi-square *test of independence* was used to assess whether paired observations on two variables, expressed in a contingency table, were independent of each other. For smaller data, Yates' correction for continuity was used. Fisher's exact test was used in the analysis of 2 × 2 contingency tables. Alternatively, to calculate greater tables, the maximum likelihood estimates were used.

The study has been approved by the appropriate ethics committee. All persons/parents gave their informed consent prior to their inclusion in the study.

Results {#Sec5}
=======

Normalization of ventricular size {#d30e328}
---------------------------------

In follow-up imaging examinations after surgery, the normalization of the ventricles size was revealed in 19.51 % of the patients. In children originally operated by means of ETV, the prevalence was 14.29 % whereas in children treated originally with SI, it equaled 25.00 % (*p* = 0.003). The success rate of ETV was 60 % and after shunting was 66.6 %. All children treated unsuccessfully with ETV underwent shunt insertion. In all patients successfully treated clinically with ETV, the width of the ventricles remained abnormal, whereas in the group of children unsuccessfully treated with ETV and subsequently with SI (10 children), the proportion of children with a normal ventricular width revealed in follow-up examinations equaled 30.00 %. In the children who were operated once with the SI method, the frequency of recovered normal ventricular width equaled 30.79 % and in the reoperated children (seven children; Fig. [1](#Fig1){ref-type="fig"}) equaled 14.28 %.Fig. 1Normalization of ventricular size according to treatment. The ventricles width remained dilated in all children treated clinically successful with ETV. Normal ventricular size was observed in 30 % of children unsuccessfully treated with ETV and subsequently with SI and in the group operated successfully with the first SI

Normalization of ventricular size according to psychomotor development {#d30e348}
----------------------------------------------------------------------

Next, it was investigated whether the presence in the neuroimaging examinations of recovered normal ventricular width correlated with the neurodevelopmental outcome. Less than 10 % of children whose ventricular system remained dilated were found to develop normally, in spite of lacking symptoms of active intracranial pressure. Half of the studied group with postoperative normal ventricular width developed abnormally (Fig. [2](#Fig2){ref-type="fig"}). The difference was statistically significant (*p* = 0.045).Fig. 2Child development in correlation to the normalization of ventricular size. Over 90 % of children whose ventricles remained dilated were found to develop abnormally. Despite postoperative normalization of ventricular size, 50 % of children developed abnormally

Normalization of ventricular size according to the age of the hydrocephalus manifestation, to the age at the time of the first surgery, and to the etiology of hydrocephalus {#d30e368}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The ventricular system was restored to its normal width upon treatment significantly more often in patients who were diagnosed older than in the first month of age (23.53 vs. 19.05 %, *p* = 0.0088); nonetheless, in the majority of children (80.95 vs. 76.47 %, respectively), the ventricular system did not recover to its normal volume. A similar, statistically significant correlation was observed dividing children into subgroups, where the cutoff value was 6 months of age (20 %, below 6 months; 25 %, over 6 months). Investigation into the influence of age at the time of the first surgery and of the etiology of hydrocephalus on the likeliness of restoring normal ventricular width revealed no statistically significant difference between the examined subgroups.

The analysis of FOR values {#d30e376}
--------------------------

The preoperative FOR values were analyzed. For the whole group, the mean FOR value was 0.59 (median, 0.60; range, 0.38--0.83). For SI, the mean initial FOR value was 0.6 (median, 0.64; range, 0.38--0.68), whereas for ETV the mean initial value was 0.59 (median, 0.58, range, 0.40--0.83). No statistically significant difference was found between these groups.

Next, the group of examined children was divided into two subgroups due to the FOR value in the preoperative examination. The cutoff value was set at 0.6. No statistically significant differences were recognized in the subgroups in terms of child development. In the group with FOR value below 0.6, 18.8 % of children developed normally, whereas in the group with FOR value over 0.6, normal development was observed in 16.67 % of children.

A mean change in FOR in the entire group was 0.08 (median, 0.01; range, 0.05--0.036). It was 0.05 (median, 0.005; range, 0.05--0.34) in the successfully ETV-treated subgroup and 0.13 (median, 0.13; range, 0.05--0.36) in the SI-treated subgroup. The comparison of FOR changes in the subgroups revealed no statistically significant difference. However, a tendency towards greater change was observed in the shunted group (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Mean change in the FOR estimated in the analyzed SI and ETV subgroups. A tendency towards greater change was observed after SI when comparing FOR changes (*p* \< 0.05)

Children development in correlation to the change in ΔFOR {#d30e400}
---------------------------------------------------------

The children were divided into two subgroups according to the change in FOR value. The cutoff value was set at ΔFOR = 0.1.

It was revealed that patients with ΔFOR \> 0.1, developed normally more often than those in whom ΔFOR was lower than 0.1 (*p* = 0.0079). Detailed values are presented in Fig. [4](#Fig4){ref-type="fig"}. A similar correlation was observed dividing children into subgroups, where the cutoff value was set at ΔFOR = 0.025.Fig. 4Children development following surgery in correlation to ΔFOR

Discussion {#Sec6}
==========

The pre-operative and postoperative measurement of the ventricular width is an essential part of the diagnostics and the assessment of the effectiveness of hydrocephalus treatment. The change of the ventricular width after ETV often times does not correlate with the value of intracranial pressure and with the improvement of the clinical condition. Particularly, a lack of decrease in the ventricular size following ETV in children when improvement of the clinical condition occurs is, at present, not considered a failure in the treatment of hydrocephalus \[[@CR6]\]. It may, however, suggest insufficient CSF absorption in these patients, with a likely prospect of postoperative development of a compensated communicating hydrocephalus. Such patients should remain under permanent control of neurologists and neuropsychologists. The observation of changes in the volume of the ventricles following successful ETV treatment revealed the most intensive diminishing of the ventricles to take place within 3--6 months after the surgery. Within the following months, stabilization occurs and the ventricles further decrease insignificantly or not at all---as opposed to the post-SI image, where the ventricles keep decreasing in size after a 6-month period, stabilizing around 12 months after the surgery. In some cases, after the initial period of size reduction, the ventricles were observed to increase slightly after around 2 years of surgery \[[@CR7]\].

In the course of follow-up imaging examinations, we found that in 19.51 % of the patients, the width of the ventricular system recovered to normal values. In children originally operated with the use of ETV, it was established that the ventricular system significantly less frequently recovered to normal values as compared to the children treated primarily with SI. Yet, in the SI-treated group, due to an unsuccessful ETV, the percentage of patients with normal ventricular width in the follow-up examinations equaled 30 %. Nonetheless, a normal ventricular size did not determine normal development. Namely, in half of the cases with normal ventricular size, abnormal development was still observed. In turn, the frequency of the normalization in ventricles size was twice as high in the children treated with SI once, as compared to those who were reoperated. The age at the time of the surgery and the etiology of the hydrocephalus did not affect the frequency of the normal size ventricles. As opposed to the results mentioned above, in our study, the children whose ventricles width normalized, revealed normal psychomotor development significantly more frequently.

Kulkarni et al. performed a retrospective comparison of postoperative radiological image of children with a normally and abnormally functioning ventriculocysternostomy, revealing a statistically significant difference in postoperative reduction in the ventricular size between the two groups. Using FOR estimate, they found a mean reduction of the size of the ventricles by 15 % in the group with effective ETV and by 7 % in the group with ineffective ETV \[[@CR12]\]. Another investigation, using volumetric measurements, revealed a significant reduction in the volume of the lateral ventricles on average by 30 % (from 5 to 80 %) within 3 weeks after a successfully performed ETV \[[@CR20]\]. As opposed to ETV, following SI, the size of the cerebral ventricles decreases significantly and stabilizes on average between 6 and 12 months after first-time surgery \[[@CR24]\]. All the same, the size of the ventricles rarely goes back to normal in SI-treated patients, similarly as in those treated with ETV. Moreover, as some authors report, the size of the ventricles poorly correlates with a long-term assessment of the children's psychomotor development \[[@CR10]\]. In 2009, Warf et al. compared the size of the ventricular system with the use of FOR in children with hydrocephalus and myelomeningocele. They found no difference between the group treated with ETV, with SI and the group not requiring treatment due to ventriculomegaly. Moreover, these authors did not find any correlation between the size of the ventricles and the psychomotor outcome of the studied children. Yet, they revealed significantly more advanced development in the children with ventriculomegaly as compared to the children treated for active hydrocephalus, even though the examined groups displayed the same width of the ventricular system \[[@CR23]\]. Another study, in turn, which had as its goal the assessment of outcome of 129 children with the use of SI, found a significant correlation between the initial dilatation of the ventricular system and the child's development. No correlation, however, was determined between the size of the ventricular system after the treatment and the final IQ, with the exception of cases where the dilatation remained considerable in spite of the treatment, where the IQ results were low \[[@CR9]\].

While comparing the mean FOR values in our study, no significant difference was found between the patients treated originally with ETV and SI. Moreover, the initial FOR value before surgery turned out to be inconsequential in terms of further child development. In the group with preoperative FOR value below 0.6, 18.8 % of children developed normally, whereas in the group with FOR value over 0.6, normal development was observed in 16.67 % of children. In turn, children with a larger change in FOR (ΔFOR \> 0.025 and \> 0.1) in the final neurodevelopmental examination significantly developed normally more often than those in whom the ΔFOR was lower (Fig. [4](#Fig4){ref-type="fig"}). The obtained results prove that the ventricular width before surgery has probably no effect on the postsurgical development of the patients. The change in FOR value following treatment indicates the likeliness of better future development of the patients. This remains consistent with the aforementioned reports where a significant decrease of the ventricular width in the cases of its more considerable dilatation before surgery was observed and where it was proved that the pretreatment ventricular width did not affect the children's postoperative development \[[@CR7], [@CR23]\].

In his study, Takahashi found that normal psychomotor development is most likely to take place in children whose brain image after surgery was normal in MRI examinations, which is confirmed by our study. When an abnormally developing CNS is revealed or/and changes secondary to hydrocephalus are found in MRI, in turn, SI may be required to obtain the optimum psychomotor development despite "clinically" normal control of intracranial pressure \[[@CR22]\]. It has been also proved that the duration of untreated hydrocephalus negatively correlates with the extent of reduction in the ventricular size after surgery \[[@CR7]\]. In our study, the ventricular system was restored to its normal width upon treatment significantly more often in patients who were diagnosed older than in the first month of age (23.53 vs. 19.05 %, *p* = 0.0088). However, the majority of children (80.95 vs. 76.47 %, respectively) presented postoperatively dilated ventricular system. A similar, statistically significant correlation was observed dividing children into subgroups, where the cutoff value was 6 months of age (20 %, below 6 months of age; 25 %, over 6 months of age). We can suspect that the diagnosis of hydrocephalus in the first month of age probably refers to a pathology started during pregnancy. In these cases, the duration of untreated hydrocephalus was longer and we do not observe spectacular changes in the ventricular size after surgery.

Conclusions {#Sec7}
===========

The initial FOR value probably does not affect the postoperative developmental outcome. Long-term change in ventricles size after surgery can correlate with psychomotor development of hydrocephalic children. Presumably, there are no differences between two treatment options (ETV versus SI) according to initial FOR values and to changes in FOR values in young patients operated on for hydrocephalus. However, after shunt insertion, the probability of normalization of ventricles size is higher than after ETV and therefore the probability of normal development in shunted children should be higher.
